Introduction. High maternal body mass index (BMI) is associated with complications during pregnancy and delivery such as gestational diabetes, hypertensive disorders, perineal injuries and macrosomia. The aim of this study was to assess the association between maternal BMI and delivery method in non-breech, singleton deliveries, after 36 weeks of gestation, in women with no more than one previous cesarean section, in Oslo University Hospital, Ullev al. Material and methods. This retrospective register study used data from the hospital obstetrical database in 2011-2012, forming a cohort of 8821 women. Women were categorized into five different BMI classes and stratified into subgroups according to parity and previous cesarean delivery. Mode of delivery was categorized to spontaneous delivery, instrumental vaginal delivery, planned cesarean section and emergency cesarean section. Results. Incidence of emergency cesarean delivery increased with increasing maternal BMI. Among primiparous women with overweight or obesity, the cesarean delivery rate was doubled (23.2 and 29.1%, respectively), compared with women with underweight or normal weight (12.5 and 13.7%). Also among parous women, maternal BMI ≥30 doubled the risk for cesarean delivery. The strongest risk factor for planned or emergency cesarean delivery was previous cesarean section [adjusted odds ratio 16.41 (confidence interval 12.19-22.08) and 8.72 (6.33-12.02), respectively]. Maternal BMI ≥30 increased the risk of planned cesarean delivery by 77%, and doubled the risk of emergency cesarean delivery. Conclusions. Prepregnancy BMI ≥30 was an independent risk factor for delivery by emergency cesarean section for both primiparous and parous women.
Introduction
Over the last decades, overweight and obesity have become an increasing health problem in the western world, including Norway. In 2008, 51.1% of the women ≥20 years were overweight and 20.1% were obese, and according to adult obesity forecasts, these numbers will probably increase further (1,2).
Previous studies have concluded that maternal obesity increases the risk of gestational diabetes, pregnancy-In a study from 2006, Barau et al. (9) found a linear association between maternal pre-pregnancy body mass index (BMI) and risk of cesarean section in term deliveries. In addition to an increasing rate of cesarean sections in obese women, some studies have revealed a decrease in use of forceps and vacuum extraction, with increasing BMI (10, 11) . However, a slightly increased risk for instrumental vaginal delivery was reported in a Norwegian study (12) and no significant difference in prevalence of vaginal instrumental delivery is reported in some studies (8, 13) .
The aim of our study was to assess the association between maternal pre-pregnancy BMI and risk for operative delivery in a non-selected population of delivering women in Oslo University Hospital, Ullev al in 2011-2012.
Material and methods
This register study used data from the obstetrical database of Oslo University Hospital, Ullev al, the largest delivery unit in Norway with an unselected population in Oslo. The hospital has both primary and tertiary function, resulting in a non-selected population of delivering women.
Anonymized data on all term deliveries were gathered within the study period, years 2011-2012. Exclusion criteria were: deliveries before 37 weeks of gestation, multiple births, breech deliveries and deliveries where maternal height or pre-pregnancy weight were not recorded. Women with a history of more than one previous cesarean delivery were also excluded because the hospital policy is to deliver these women with a planned cesarean with no attempt at vaginal delivery. The final cohort consisted of 8821 deliveries.
Maternal BMI was calculated from the pre-pregnancy weight recorded in the woman's personal pregnancy health card. Preeclampsia was defined as hypertension >140/90 and proteinuria. Diabetes type I and II and gestational diabetes were merged into one covariate. Abnormal head presentation was determined by the attending midwife after birth and includes both persistent occiput posterior and other abnormal head presentations, such as asynclitic presentation. Newborn birthweight percentile was determined by the method described by Gjessing et al. (14) , and is based on Norwegian populational data.
Descriptive analyses
The women were categorized into five different BMI (kg/ m 2 ) classes, determined by their pre-pregnancy BMI: underweight (BMI <18.50), normal weight (BMI 18.50-24.99; reference group), overweight (BMI 25.00-29.99), obesity class I (BMI 30.00-34.99) and obesity class II (BMI ≥35) ( Table 1) .
The delivery methods were categorized into spontaneous vaginal delivery, instrumental vaginal delivery (including vacuum extraction and forceps), planned cesarean section and emergency cesarean section.
Women were stratified to subgroups according to parity and a history of previous cesarean delivery: primiparous women, parous women with previous vaginal deliveries only, parous women with one previous cesarean section and no previous vaginal delivery and women with one previous cesarean section and with at least one previous vaginal delivery. Delivery methods according to the maternal BMI groups were calculated and presented as percentages. In our study population, few women had a BMI ≥35, and therefore the obesity classes I and II were merged into one class for the analyses ( Table 2) . 
Regression analyses
The risk of cesarean delivery was assessed in regression analyses. The women were stratified into two groups according to parity: primiparous or parous. Bivariate regression analyses were used to assess maternal, fetal and obstetric factors associated with cesarean delivery. Two multivariate logistic regression models were created to assess the association of maternal BMI and delivery by cesarean. Planned cesarean was analyzed in model 1 and emergency cesarean in model 2. Crude and adjusted odds ratios (OR) were presented with 95% confidence intervals (CI). Maternal, fetal and obstetrical covariates were included in the regression analyses (Tables 3 and 4 ). Continuous data were categorized when appropriate. The data were analyzed using IBM SPSS Statistics version 23 (IBM Corp., Armonk, NY, USA).
Ethical approval
The study followed Norwegian health research legislation, and was approved by the Personal Data Officer in Oslo Unversity Hospital.
Results
Of the study population of 8821 women with singleton deliveries, 4605 were primiparous and 4216 were parous. Table 1 presents the demographic and delivery characteristics for the study population. The primiparous women had lower pre-pregnancy BMI than the parous women; 21.7% of the primiparous women and 29.0% of the parous women were overweight or obese. The incidence of obstetrical interventions was higher in the primiparous group. Use of epidural and oxytocin augmentation were more than doubled compared with parous women, and 25.9% had labor induction compared with 17.2% in parous women. Vaginal instrumental deliveries were mostly vacuum extractions, as fewer than 1% of deliveries in our unit were forceps deliveries ( Table 2) . Maternal weight or height was missing in 10% of maternity health cards.
Primiparous women
Among the primiparous women with a normal BMI, 64% had a spontaneous delivery, whereas 53% of women with BMI ≥30 and only 43% of women in the obesity class II delivered spontaneously (data not shown in tables). The incidence of instrumental vaginal deliveries was relatively constant within the BMI groups (19.2-20.7%), except in the obese group, where only 16.2% had an instrumental vaginal delivery. The risk of emergency cesarean delivery increased with increasing maternal BMI, and increased by more than a twofold in the obese group (BMI ≥30) compared with women with underweight or normal weight (12.5 and 13.7%, respectively) ( Table 2 ). 
The incidence of planned cesarean was low in the group of primiparous women, and was highest in the underweight group (4.5%). The most common indication for planned cesarean section among primiparous women was maternal request/fear of delivery (57%). Prolonged first stage of labor (34%) and fetal asphyxia (33%) were the most frequent reasons for emergency cesarean deliveries. Prolonged second stage was the indication in 9.4% of the emergency cesareans.
Two different models for multiple regression analyses were used (Table 3) .
In model 1, planned cesareans were compared with vaginal delivery. In the multivariate regression analyses, maternal underweight and age over 34 years were associated with planned cesarean delivery. Advancing maternal age was the strongest risk factor for planned cesarean delivery and increased the risk for cesarean up to 12-fold among women 40 years or older. Maternal BMI was not associated with increased risk for planned cesarean delivery among primiparous women.
In model 2, emergency cesarean delivery was compared with vaginal delivery. In the multivariate regression analyses, maternal overweight, age over 29 years, fetal growth restriction, fetal macrosomia, abnormal head presentation, male fetal gender, epidural use and labor induction remained significant risk factors for emergency cesarean delivery. Maternal BMI ≥30 doubled the risk of emergency cesarean delivery compared with women with normal BMI. Abnormal fetal head presentation was the strongest risk factor for emergency cesarean delivery, with an odds ratio (OR) of 5.25 [confidence interval (CI) 4.01-6.88].
Parous women
Among parous women with previous vaginal deliveries only, the risk of emergency cesarean increased with increasing maternal BMI. The success rate of spontaneous delivery was highest among women with normal BMI (90.5%), and was reduced with increasing maternal BMI (84.1% among women with BMI ≥30.0). The rate for instrumental vaginal delivery was lower among overweight and obese women compared with women with normal BMI (Table 2) . Table 3 . Maternal, fetal and obstetrical factors associated with cesarean delivery. Primiparous women with singleton pregnancies, fetus in vertex presentation after week 36 (n = 4605). In model 1, factors associated with planned cesarean were analyzed (n = 3867). In model 2, factors associated with emergency cesareans were analyzed (n = 4520). Also in the group of 328 women with a history of one previous cesarean section and no previous vaginal deliveries, the risk of emergency cesarean increased with increasing maternal BMI. The risk was almost doubled among the obese women (38.2%) compared with women with normal BMI (22.7%). The rates of planned cesarean sections were relatively constant in this group of women, except in the highest and lowest BMI groups ( Table 2) .
The group of women with a history of both cesarean section and at least one vaginal delivery was small (111 women), and it is therefore difficult to evaluate trends according to maternal BMI.
The most common indications for planned cesareans among parous women were maternal request/fear of delivery (41%) and previous cesarean (23%). Fetal asphyxia (31%) and prolonged first stage of labor (24%) were the most frequent reasons for emergency cesarean deliveries. Prolonged second stage was the indication in 5.7% of emergency cesareans (data not shown in tables).
The subgroups of parous women with a history of cesarean delivery were analyzed together with parous women without previous cesarean in the regression analyses, with previous cesarean as one of the covariates. The results from the crude and adjusted regression analyses are presented in Table 4 .
In model 1, planned cesareans were compared with vaginal delivery. In the multivariate regression analyses, maternal obesity, previous cesarean delivery, maternal age over 34 years and fetal macrosomia were associated with planned cesarean delivery. Increasing parity and gestational age reduced the risk of planned cesarean delivery.
In model 2, emergency cesarean deliveries were compared with vaginal delivery; maternal obesity, previous cesarean delivery, preeclampsia, macrosomia, abnormal head presentation, male fetal gender, epidural use and induction of labor significantly increased the risk of emergency cesarean delivery in the multivariate regression analyses. Increasing parity also reduced the risk of emergency cesarean delivery.
In both models 1 and 2, a history of previous cesarean section was the strongest risk factor for repeated cesarean delivery, with OR 16.41 (CI 12.19-22.08) and 8.72 (CI Table 4 . Maternal, fetal and obstetrical factors associated with cesarean delivery. Parous women with singleton pregnancies, fetus in vertex presentation after week 36 (n = 4216). Women with previous more than one cesarean delivery excluded. In model 1, factors associated with planned cesarean were analyzed (n = 3970). In model 2, factors associated with emergency cesareans were analyzed (n = 3963). 
Discussion
The main finding of this study is the significant association between increasing maternal BMI and delivery by cesarean section for both primiparous and parous women. Other risk factors, such as previous cesarean section, macrosomia and preeclampsia, were also associated with increased risk for cesarean section, but the association between maternal BMI and delivery mode remained significant after adjusting for these maternal, fetal and obstetrical risk factors. The reasons and indications for planned and emergency cesareans are different, and therefore we analyzed these delivery methods separately, which is a strength of our study. Other strengths of our study are the population-based design, a non-selected study population, as well as the multivariate regression analyses, which allowed us to assess the risk for cesarean after adjusting for the main maternal, fetal and obstetrical risk factors.
A limitation of the study is the low number of women in the subgroup of women with previous cesarean and a vaginal delivery (n = 111), hampering the interpretation of the association between maternal BMI and risk of cesarean in this group. However, we analyzed all parous women together in the multiple regression analyses with a previous cesarean as a covariate allowing us to evaluate their risk for cesarean section.
The reasons why an increase in BMI is associated with decrease in spontaneous deliveries have been discussed in previous studies. It has been assumed that fetal hyperglycemia and hyperinsulinemia causes increased fetal growth and higher risk of macrosomia (6) . Macrosomia may lead to an obstructed labor and more frequent need for cesarean delivery. Increased amounts of soft tissue deposits in women with increased BMI may also cause a relative narrowing of the pelvis and genital tract (15) (16) (17) . Increased amounts of soft tissue may also lead to weaker contractions due to the dilution effect, and can lead to labor arrest (6, 8, 10, 13, 18) . The reason for the high rates of cesarean sections among women with low BMI (underweight) might be due to a narrow bony pelvis (13) .
The results in our study are in line with previous studies. Barau et al. (9) found a linear association between maternal pre-pregnancy BMI and risk for cesarean section in term deliveries. Among parous women with previous vaginal delivery, we found lower risks for cesarean section compared with Barau et al.'s study. However, the trends were similar -increased BMI increased the risk of cesarean section in both primiparous and parous women, with and without a previous cesarean section.
Our results on the risk of cesarean delivery after a previous cesarean are similar to the results of Cahill et al. (19) and show that the risk of having a second cesarean is higher if the woman has not previously delivered vaginally. Risk for emergency cesarean in this group was even higher than among primiparous women. One possible explanation for this might be that these women end up with a second cesarean section for the same reason as the first time. In the group of women with a previous cesarean section, the rates for emergency cesareans were also higher than in the other subgroups in this study, but not higher than in other studies. Bhide et al. found that the chance for successful vaginal delivery after cesarean section increased with at least one previous vaginal delivery and decreased with increasing BMI. In their study, 71.9% of women with one previous cesarean, successfully delivered vaginally (20) , also in line with results in our study.
We observed a trend of decrease in instrumental vaginal deliveries with increasing BMI, which is in line with the results of previous studies (6, 8, 10, 11) . We can only speculate the reasons for this finding. The attending doctor making the decision between instrumental vaginal delivery or emergency cesarean may want to avoid a difficult instrumental vaginal delivery and rather choose a cesarean. Another explanation might be that the fetal head descent might be delayed among overweight women and therefore cesarean is chosen instead of instrumental vaginal delivery.
It is well known that women with previous vaginal delivery have a higher success rate with a vaginal delivery than primiparous women. However, a significant and similar trend of increasing BMI reducing the rate of spontaneous vaginal delivery was observed in both primiparous and parous women.
Conclusion
An increased maternal pre-pregnancy BMI is an important and independent risk factor for delivery by cesarean section. A significant difference was observed in risk of cesarean between women with BMI ≥30 and women with normal weight in all subgroups of women, with or without previous cesarean. Risk of cesarean increased seven-to eightfold if the woman was previously delivered by cesarean.
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